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[57] ABSTRACT

A synchronizing signal generator includes a tape re-
corder which is adapted to record click signals in re-

sponse to actuations of a manual switch. Counting clock

signals go on while the click recorded signals are repro-
duced, especially during a length of time extending

from receipt of a particular one of the click signals to
receipt of the next succeeding click signal. The resultant
count is divided by a given numeral value and then the
quotient 1s stored. The clock signals developing be-
tween the respective click signals are further counted
during the course of reproduction of the click signals
from the tape recorder and a pulse signal is delivered
whenever the instantaneous count coincides with the
stored quotient. Tempo clock signals are obtained
through the division of the pulse signal at a selected
division ratio out of a plurality of division ratios. The
tempo clock signals are fed to a sequencer which in turn
generates a control voltage and gate signals synchro-
nous with the tempo clock signals. A music synthesizer
produces tone signals in synchronism with said tempo

clock signals in response to the control voltage and the
gate signals.

22 Claims, 10 Drawing Figures

03

105 =

—1 MEMORY |
112

s
DIVIDING
COUNTER
XZ ™ e (] xq.a
£ Nne
120
BUFFER " OUTPUT
AMPLIFIER PULSE SIGNAL
RETARD
1T
“.ﬂ,b-
PR
16
128 S 0wV
ADVANCE
el 8
STORE
19
INTER- 2“3“
/ FACE g}’gp
130 REWND




U.S. Patent Dec. 13, 1983 Sheet 1 of 7 4,419,918

FIG. |
100

o

_ *

MEMORY STORE STOP REWIND

e 93 P 9

MANUAL SEQUENCE ADVANCE RETARD RESET

T T T T
c

23



U.S. Patent Dec. 13, 1983 Sheet 2 of 7 4,419,918

FIG. 2
CLOCK 113
GENERATOR 100
109
RESET VAVEFGR B 105 114
'3\:| ING
SEQUENCY Hi

. [WAVEFORM-
A ING
O={CIRCUIT

104

DI VIDING
COUNTER

106

CLICK AVEFORM-
SIGNAL o={ING
07 CIRCUIT

+V
|29~

12
MEMORY
¥

WRITE OFF

ON
|

STORE
19

RUN

20
STOP

21
REWIND

130



- U.S. Patent Dec. 13, 1983 Sheet 3 of 7 4,419,918

FIG. 3 290

100
——— TAPE RECORDER
107

SYNCHRONIZING

. CHI IN o
SIGNAL m adl f,:l"gu.r"

GENERATOR ¢

[
1 .
.... . . . .
.
a1
[
r
'

300 201 202 203 40 204

30! MUSIC
? SEQUENCER - SYNTHESIZER

w I

(8)  HHRHuE ity — — ==~~~ ~"—==—====*<

T R —
T S
o
©



U.S. Patent Dec. 13, 1983 Sheet 4 of 7 4,419,918

FIG.4 300
302
BINARY
COUNTER
301~ A
INPUT SIGNAL 308
d GATE
SIGNAL
b
FIG. 5 VOLTAGE

wetock MMM M
BYSTEP 1 [ ] L
(C) STEP 2 [] .
(D)STEP 3 ) L

(E) STEP 4 Vo

(F)STEP 5 , I L

(G)STEP n

(H) GATE SIGNAL '—m_l. _J—I_

(1) CONTROL VOLTAGE ,—I



U.S. Patent Dec. 13, 1983 Sheet 5 of 7 4,419,918

FIG. 6
. 400
KEY 405 -
BOARD
408 409 410
404 . 411
| | VOLTAGE | | VOLTAGE
CONTROL ‘ NTROLL- %%NTROLL- 4 AUDIO
VOLTAGE : FILTER | laveLiFEr | SIGNAL
402 | "
GATED . 407
SIGNAL
401 403 AVE FORM| |WAVE FOR
GENERATOR| |GENERATOR
FI1G. ©
INPUT ¢

9500

904



U.S. Patent Dec. 13, 1983 Sheet 6 of 7 4,419,918

FIG. 8A

START

SEQUENCE -

TO SP8

YES

SEQUENCE

SWITCH ON ?

FIRE
STORE LED

COUNT CLOCK _
SIGNAL BY CLOCK

COUNTER 112

BET WEEN CLICK
SIGNALS FROM

WAVEFORMING
CIRCUIT 104

YES

SP3

SP S

TO SP7



U.S. Patent Dec. 13, 1983 Sheet 7 of 7

FIG. 88 FROM SP6

DIVIDE MEMORY DATA
BY |/06 AND RELOAD
MEMORY

SP7

FROMSP2

FIRE SP8
REWIND LED

YES
FIRE SPIO
RUN LED
' SPII
CLICK SIGNAL

APPLIED
' ?

YES

OUTPUT PULSE SIGNAL
| WHEN CLOCK COUNTER
12 COUNTS VALUE

CORRESPONDING TO
DATA IN MEMORY 114

SPI2

DATA END
[

YES

FIRE
STOP LED

TO SP |

SPIS

4,419,918




4,419,918

1

SYNCHRONIZING SIGNAL GENERATOR AND
AN ELECTRONIC MUSICAL INSTRUMENT
USING THE SAME

BACKGROUND OF THE INVENTION
. Field of the Invention

This invention relates to a synchronizing signal gen-
erator and an electronic musical instrument equipped
with such a signal generator. More particularly, the
mvention pertains to a synchronizing signal generator
for generating synchronizing signals such as tempo
clock signals in synchronism with the pulse signal gen-
erated through manual operation of a switch, and an
electronic musical instrument for producing musical
tones or sounds at a tempo synchronous with the syn-
chronizing signals. |

Musical performances in studios are usually recorded
by the multiplex-recording method wherein a family of
musical instruments is divided into several groups
which are individually and sequentially recorded on a
‘magnetic tape having a plurality of recording tracks
with a tape recorder or the like, instead of recording at
one time all of the musical instruments being played
simultaneously. In the former method, a rhythm instru-
ment 1s first played for recording on a particular one of
the tracks on the magnetic tape and the remaining in-
struments are played at a tempo corresponding to the
rhythm reproduced from the tape for recording sounds
in sequence on the remaining tracks of the magnetic
tape. . |

Another example of the recording of musical perfor-
mances 1S that a musical instrument is played by the
player while he is listening to rhythm sounds generated
from an automatic rhythm generator based on a live 35

performance or on a reproduction from the tape, and
musical tones or sounds of the instrument are recorded
on one of the tracks of the magnetic tape and musical

sounds of other musical instruments are recorded on the
remaining tracks of the magnetic tape. This method of 40
musical sound recording however gives the listener an
-unagreeable mechanical feeling because the rhythm of
the automatic rhythm generator is too accurate and
punctual.

An approach to avoid the above disadvantage de- 43
mands that the tempo of the automatic rhythm genera-
tor follows delicate variations in the tempo of playing
the other instruments. To this end adjustments of the
tempo of the automatic rhythm generator should be
achieved mainly through manual operation of a knob of 30
a tempo regulator, which operation is very difficult.

Furthermore, an automatic player has been proposed
in which a musical tune or piece of music is pro-
grammed in a computer and musical sounds are deliv-
ered from a music synthesizer under control of the
computer. Even when the musical sounds from the
automatic player are recorded, great difficulty is experi-
enced in bringing the tempo of the automatic player
into agreement with the tempo of the other musical
instruments as in the case with the automatic rhythm
generator stated previously.

SUMMARY OF THE INVENTION

According to the present invention, a given number
of synchronizing signals are developed during a length
of time elapsed between the receipt of a particular pulse
signal and the receipt of the next pulse signal. In other
words, clock signals are counted by counting means
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during a length of time from the point where the partic-
ular pulse signal 1s received at an input terminal to the
point where the next succeeding pulse signal is re-
ceived. The count obtained during said length of time
or the quotient resulting from the division of the count
by a predetermined numeral value is stored in storage
means. Said counting means provide an output signal
when certain coincidence conditions are satisfied as will
be described below. Furthermore, tempo clock signals
may be developed through the division of the synchro-
nizing signals delivered by the synchronizing signal
generator. An electronic musical instrument, supplied
with the tempo clock signals, may generate musical
tones at a tempo synchronous with the synchronizing
signals.

In a preferred embodiment of the present invention,
when a manual switch or a foot switch is actuated in
timed relationship with the tempo of musical sounds
being reproduced from a magnetic tape or a musical
pitece being actually played, the tempo clock signals
may be developed in synchronism with that tempo.
Upon actuation of a tempo switch such as said manual
or foot switch, the pulse signals are provided and re-
corded on a particular one of tracks of a magnetic tape.
The pulse signals are reproduced from the magnetic
tape and the clock signals are counted between the
respective pulse signals. The resultant count is divided
by a numeral value which is necessary for dividing the
interval of the respective pulse signals into a desired
number of time slots and the instantaneous quotients are
stored sequentially in said storage means. If the pulse
signals are reproduced and the clock signals are re-
ceived with the number thereof equal to the quotient
fetched from said storage means, then the output signal

1s delivered. It is possible that the above division may be

performed to evaluate the quotient after the count has
been stored in said storage means. A desired number of

the tempo clock signals may be developed between the
particular pulse signal and the following pulse signal by
dividing the output signals to acheive a given division
ratio. The tempo clock signals are supplied to a se-
quencer which in turn provides a control voltage and
gate signals synchronous with the tempo clock signals
for a music synthesizer for the development of tone
signals. In this manner, the desired tempo clock signals
are made available upon actuation of the manual switch
or the foot switch. Since the tone signals so developed
are dependent upon the tempo as determined by the
manual operation, musical sounds defined by the tone
signals offer the effect of live performances with subtle
variations in tempo without giving a mechanical im-
pression. |

In addition, in the preferred embodiment of the pres-
ent invention, rhythm sounds may be delivered at a
tempo synchronous with the tempo clock signals when
the tempo clock signals are applied to the automatic
rhythm generator. Therefore, this makes it possible to
bring the tempo as determined by the rhythm of the
automatic rhythm generator into agreement with the
tempo of playing the other musical instruments and to
automatically deliver rhythm sounds with delicate vari-
ations in tempo as if a human would play the musical
instruments.

In the preferred embodiment of the present invention,
the tempo clock signals frequency divided at different
division ratios are selectable from frequency dividing
means which divide the output signal of said counting
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means. The number of the clock signals developed be-
tween the particular pulse signal and the next succeed-
ing pulse signal is therefore selectable optionally.
Moreover, provided that the preferred embodiment
of the present invention is further adapted such that the
number of the output signals supplied to said frequency
dividing means during the length of {ime from the time
where the particular pulse signal is applied to the time
where the next pulse signal is applied is variable, it is
also possible to advance and retard the development of
the tempo clock signals. In other words, the length of
time between the particular pulse signal and the next

pulse signal may be finely adjustable. This allows a fine

adjustment of the rhythm of automatic play through
manual operation. In particular, even though the tempo
clock signals may fail to meet a timed relationship with
the synchronizing signals due to a running error caused
when the magnetic tape is running, it is also easy to
offset the phase difference between the synchronizing
signals and the tempo clock signals by varying the num-

ber of the output signals to be supplied to sald frequency

dividing means.

Accordingly, it is a primary object of the present
invention to provide a synchronizing signal generator
capable of generating a desired number of synchroniz-
ing signals during a length of time from a point of time
where a particular pulse signal is applied to the point of
time where the next succeeding pulse signal is applied.

It 1s another object of the present invention to pro-

vide an electronic musical instrument wherein a desired
number of synchronizing signals may be generated dur-
ing a the above mentioned length of time and to pro-
duce tempo clock signals based upon the synchronizing
signals for reproducing musical tones or sounds at a
tempo as if a human would play the instrument.

It is still another object of the present invention to

provide an electronic musical instrument wherein the

development of tempo clock signals is advanced or
retarded to allow fine adjustments of the length of a
- beat and a musical tune or piece of music is produced at
a playlng tempo in synchronism with the synchronizing
signals. |

These objects and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention: when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s a view showing the outer appearance of an
operational panel in an embodiment of the present in-
vention; .

FIG. 2 illustrates a block dlagram of an embodiment
of a synchronizing signal generator circuit of the pres-
ent invention; |

FIG. 3 1s a schematic block dlagram 1llustrat1ng an
example of an arrangement for enabling a music synthe-
sizer to produce tone signals by using a synchronizing
signal generator as shown in FIG. 2;

FIG. 4 1s a block diagram illustrating in further detail
a sequencer as shown in FIG. 3;

FIG. S 1s a waveform diagram illustrating various

signals in the sequencer of FIG. 4;

FIG. 6 is a schematic block dlagram of the music '

synthemzer of FIG. 3;

FIG. 7 is a waveform diagram- of various signals

occurring within the synchronizing signal generator as
shown in FIG. 2;
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4
FIG. 8A and FIG. 8B are flow charts for explaining
in detail operation of the illustrated embodiment of the
present invention; and
FIG. 9 1s a schematic block diagram of an automatic

rhythm generator as an example of electronic musical
Instruments.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS AND OF THE

'BEST MODE OF THE INVENTION

FIG. 1 1s a view showing the outer appearance of an
operational panel 10 according to an embodiment of the
present invention. A synchronizing signal generator 100
will now be described with reference to FIG. 1. The
synchronizing signal generator 100 includes the opera-
tional panel 10. The operational panel 10 is provided
with a memory switch 11, a reset switch 13, a manual
switch 14, a sequence switch 15, an advance switch 16,
a retard switch 17 and light emitting diodes 12, 18 to 21
for 1ndlcat1ng the operatlonal state as shown.

The memory switch 11 is prowded to determine
whether data are allowed to be stored in a memory 114
as described below with reference to FIG. 2. The reset
switch 13 places the synchronizing signal generator 100
Into- a reset state. The manual switch 14 is adapted to
give an instruction for the development of pulses when
being manually actuated by the player while he is listen-
ing to sounds from a percussmn Instrument being actu-
ally played. -

Disposed at a distance from the Operatlonal panel 10
is a foot switch 22 which issues an instruction for the
development of the pulses when the player holds an
instrument with his hands and steps on the foot switch.
The foot switch 22 is connected by conductor wires 23

to the operational panel 10 of the synchronizing signal

generator 100. The sequence switch 15 is adapted to
issue an instruction for proceeding with further steps
when a central processing unit CPU 105 of FIG. 2
executes an operation pursuant to a program. The ad-
vance switch 16 is actuated when it is desired to acceler-
ate the tempo clock signals and the retard switch 17 is
actuated when it 1s desired to decelerate the tempo
clock signals. |

‘The light emitting diode 12 indicates to a player that
it becomes possible to maintain the data in a memory
114 when the memory switch 11 is turned ON. The
light emlttmg diode 18 (STORE display) indicates that
a step 1s in process for issuing an instruction for count-
ing clock signals with the CPU 105 or for loading nu-
merical data resulting from divisions, into the memory
114. The light emitting diode 19 (RUN display) shows
that the CPU 105 proceeds with a step for delivering
output pulse signals. The light emitting diode 20 (STOP
display) indicates that the output pulse signals are inhib-
ited from being delivered. The light emitting diode 21
(REVIEW display) indicates that the rewinding of the
magnetic tape 1s requested after the memory 114 has
been loaded with the numeral data.

FIG. 2 is a schematic block diagram of the illustrated
embodiment of the present invention. An audio signal
input terminal 101 is connected to receive from such an
external equipment as a tape recorder pulse signals
which define a rhythm tempo (referred to as “click
signals” hereinafter). The click signals received are
shaped via a waveforming circuit 104 and fed into the
CPU 105. Both the manual switch 14 and the foot
switch 22 are connected to the waveforming circuit
104.
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The waveforming circuit 104 not only shapes the
above mentioned click signals received by the audio

signal input terminal 101 but also produces the click.

signals whenever the manual switch 14 or the foot

switch 22 are closed. The click signals are fed to the
CPU 105 and to a waveforming circuit 106 for shaping
the click signals to have a given pulse width and leads
the resultant signals to a click signal output terminal 107
shown in FIG. 3 connected to a recording input termi-
nal of a tape recorder. When the manual switch 14 or
the foot switch 22 is actuated, the click signals may be

recorded by the tape recorder. The click signals re-

- corded on the magnetic tape are reproduced via the
tape recorder and introduced as the rhythm tempo-
defining signals the audio signal input terminal 101.

- The reset switch 13 is connected to the waveforming
circuit 109. When the reset switch 13 is in its closed
position, -the waveférming circuit 109 permits pulse
signals of a gwen width to be supphlied to the CPU 105
which in turn is ready to perform its first step. The
sequence switch 15 is connected to a waveforming cir-
cuit 111 which generates a pulse signal and supplies the
same to the CPU 105 whenever the sequence sw1tch 15
1s closed. -

The CPU 105 mc]udes a eloek oscillator 113 con-
nected thereto for generating the clock signals. A clock
counter 112 is provided within the CPU 105. When the
manual switch 14, for example, is actuated and the click
signals are fed from the waveforming circuit 104 to the
CPU 105, the clock counter 112 counts the clock signals

from the clock oscillator 113 pursuant to a programmed

operation. During a length of time from the point where
a particular one of the click signals is recetved to the
point where the next succeeding click signal is received
after the passage of a fixed period of time, the CPU 105
divides the count of the clock counter 112 by a prede-
termined numeral value (for example 96). This numeral
value is selected merely to obtain a desired number of
the pulses and should not be limited to 96.

A memory 114 is operatively associated with the
CPU 105 to store the result of the division (quotient).
After the result of the division (quotient) has been
loaded into the memory 114, the CPU 10§ permits the
counting of the clock signals by the clock counter 112

upon application of the click signals from the wave-
forming circuit 104. The CPU 105 compares the count
of the clock counter 112 with the numeral data (quo-

tient) stored in the memory 114 and, if both agree, pro-
vides an output pulse signal E for a dividing counter 115
through NOR gates 138 and 139. The dividing counter
115 is supplied with a reset signal from the CPU 105
when the reset switch 13 is actuated.

The dividing counter 1135 divides at different division
ratios (typically, 3 to 1/48) the output pulse signal re-
ceived from CPU 105 for the development of tempo
clock signals and has output terminals for delivering
respectively 3 to-1/48 diviston outputs. These output
terminals are connected to a time base selector 116
which serves as a division ratio selector. To obtain a

desired number of the pulses, the time base selector 116

~is actuated to select any one of the different division
outputs of the dividing counter 118. The selected one of
the divider outputs from the time base selector 116 is fed
to a buffer amplifier 119. The buffer amplifier 119 deliv-
ers at its output terminal 120 the divider output repre-
senting the tempo clock signal selected through the time
base selector 116. This output pulse signal is supplied to
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a sequencer 300 described below with reference to FIG.

3. | |
The retard switch 17 1s connected to an input to an

AND gate 122. The other input to the AND gate 122
comprises a gate signal G from CPU 105 for inhibiting
one of a plurality of pulse signals E from the CPU 105
from being fed to the dividing counter 115. Accord-
ingly, when the retard switch 17 is closed, a NOR gate
139 is closed only for the period of a single pulse.

The advance switch 16 i1s connected to an input to an
AND gate 124. The other input to the AND gate 124
comprises an addition pulse signal F from the CPU 105.
The addition pulse signal F i1s delivered from the CPU
105 once during the length of time from the point of
time where a particular one of the click signals 1s re-
ceived by the CPU 108 to the point of time where the
next click signal 1s received. As a result, if the advance
switch 16 is closed, then the AND gate 124 is opened to
admit the addition pulse signal F into a NOR gate 138.
The addition pulse signal F i1s added through the NOR
gate 138 to the pulse signal E from the CPU 105.

The memory switch 11 has a common contact
grounded and an ON contact connected to the CPU 105
to provide a power supply +V through a series circuit
of the light emitting diode 12 and a resistor 129. The
CPU 105 is programmed to permit the rewriting of data
in the memory 114 when the memory switch 11 1s
turned ON for supplying the CPU 105 with a “L” level
signal.

An interface 130 enables and disables the light emit-
ting diodes 18 to 21 as illustrated in FIG. 1 in response
to the instructions from the CPU 105.

FIG. 3 illustrates a schematic block diagram of an
arrangement for enabling a music synthesizer to con-
duct automatic play as an example of an application of
the synchronizing signal generator 100 of FIGS. 1 and
2 for enabling an electronic musical instrument to play
automatically for tape recording. The output terminal
107 of the synchronizing signal generator 100 of FIG. 1
for delivering the output pulse signals is connected to a
first channel record signal input terminal of the tape
recorder 200. A reproduction signal output terminal of
the tape recorder 200 is connected to the audio signal

~ input terminal 101 of the synchronizing signal generator
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100.

Further, the output pulse signal output terminal 120
of the synchronizing signal generator 100 is connected

to a synchronizing signal input terminal 301 of a se-
quencer 300. As will be described in detail with regard
to FIG. 4, the sequencer 300 1s constructed to produce
a control voltage and gate stgnals which are in synchro-
nism with the tempo as determined by the output pulse
signals derived from the synchronizing signal generator
100. The control voltage and the gate signals resulting
from the sequencer 300 are supplied to the music syn-
thesizer 400. In response to the control voltage and the
gate signals applied thereto, the music synthesizer 400
generates tone signals 1n synchronism with the output
pulse signals from the synchronizing signal generator
100 as will be made clear from FIG. 6. The tone signals
are supplied to second to (n)th channel record signal
input terminals of the tape recorder 200. The tape re-
corder 200 includes a play key 201, a fast forward key
202, a rewind key 203 and a record key 204.

FIG. 4 is a schematic block diagram of the sequencer
300 as shown in FIG. 3. The input terminal 301 is sup-
plied with the output pulse signals derived from the
output 120 of the synchronizing signal generator 100 as
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the te'ni"ﬁo clock .S.ign:-ll'S. These output pulse signals are

fed to an input terminal of a binary counter 302 which™

counts the output pulse signals and provides its count as
a binary signal for a decoder 303. The decoder 303 has
a plurality of output terminals from which the gate
signals with an interval corresponding to the cycle of
the output pulse signals are delivered in sequence. Each

of the output terminals of the decoder 303 is connected

to a gate switch 305 and a variable resistor 306. That is,
each of the output terminals of the decoder 303 is con-
nected to a contact terminal of the gate switch 305 and
a terminal of the variable resistor 306.

The remaining contact terminals of the respective
gate switches 305 are connected commonly to a gate
signal output terminal 308. The gate switches 305 are

adapted for manually introducing time settings for re-

spective musical tones. Further, the respective variable
resistors 306 are adapted for manually introducing pltCh
settings for the respective musical tones during each of
the gate periods as set by the gate switches 305. The
remaining terminals of the respective variable resistors
306 are grounded and the sliding terminals thereof are

connected to a common input terminal of an arnpllﬁer‘
- 309. An output terminal of the amplifier 309 is con-

nected to an input terminal of an amplifier 310 whose

output terminal is connected to a control voltage output'

terminal 311.

FIG. 5 is a waveform dlagram of various signals
occurring in the sequencer 300 of FIG. 4. Operation ‘of
the sequencer 300 will be discussed briefly with refer-
ence to FIGS. 4 and 5. The binary counter 302 counts
the pulse signals as indicated in FIG. 5(A) and feeds its
count to the decoder 303. The decoder 303 decodes the
count furnished by the binary counter 302 and delivers
sequentially the gate signals with the interval corre-
sponding to the cycle of the pulse signals as shown in
FIG. 5(B) to 5(G). Under these circumstances 'the gate
switches 305 for steps 1 to 3 and steps 5 and n are closed.
The closed’ gate switches correspond to the time set-

tings for the respective musical notes and the open gate

‘switches correspond to rests or pauses. There are devel-

oped in succession at the gate signal output terminal 308
the ‘gate signals corresponding to the gate periods deter-

mined by the gate switches 305 as seen from FIG. 5(H).

On the other hand, upon manipulation of the variable
resistors 306 the control voltage corresponding to the
settings of the variable resistors 306 is fed into the ampli-
fier 309 as seen from FIG. 5(I). The control voltage is
amplified with the amplifiers 309 and 310 and delivered
from the control voltage output terminal 311. The gate
signals and control voltage are supplied from the se-
quencer 300 to the music synthesizer 400.

It is noted that the sequencer 300 of FIG. 4 develops
the gate 'signals and the control voltage in an analog
fashion. Instead of the sequencer 300 the circuit may be
implemented by any other well-known suitable digital
sequencer.

FIG. 6 is a schematic block dlagram of the music
synthesizer 400 as shown in FIG. 3. Implementations
and summarized operation of the music synthesizer 400
will be described by reference to FIG. 6. The music
synthesizer 400 includes a gate signal input terminal 401
and a control voltage input terminal 402. The gate sig-
nals from the sequencer 300 are supplied to the gate
signal input terminal 401 whereas the control voltage
from the sequencer 300 is supplied to the control volt-
age input terminal 402. The gate signals received by the
gate signal input 401 are fed to a contact of a switch 403,
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g
whereas the control véltage received by the control
voltage input terminal 402 is fed to a contact of a switch
404. The other'contact of the switch 403 receives a gate
signal from a keyboard 405 and the other contact of the
switch 404 receives a control voltage from the key-
board 405:-The keyboard 405 includes a plurality of

keys (not'shown) for causing an automatic play through
manual actuations of these keys. When respective keys
on the keyboard 405 are actuated, the corresponding

gate signals and the control voltage are developed. The
changeover switches 403 and 404 are so operatively
interlocked as to select alternatively the gate signals and
the control voltage from the keyboard 405 or those
from the sequencer 300. In the illustrated embodiment,
the tone signals are generated based on the gate signals
and the control voltage derived from the sequencer 300
rather than those from the keyboard 405. The gate sig-
nals selected by the changeover switch 403 are supplied -
to:waveform generators 406 and 407 whereby :the de-
siréd voltage waveform signals are provided. The volt-
age waveform signals generated by the waveform gen-
erator 406 are fed into a voltage-controlled filter circuit
409, whereas the voltage waveform signals produced by
the waveform generator 407 are fed into a voltage-con-
trolled:variable gain amplifier 410. B . |
The control voltage selected by means of the change- |
over switch 404 is supplied to a voltage-controlled 0S-
cillator 408 oscillating at a frequency varying as a func-
tion of the amplitude of the control voltage and serving
as a sound source for the synthesizer 400. The output
51gnal of the voltage- controlled oscillator 408 is fed to
the voltage-controlled ﬁlter circuit 409 having a vari-
able cut-off frequency in response to the voltage wave-
form srgnal from the waveform generator 406. The
voltage-controlled filter circuit 409 cuts off at its cutoff
frequéncy the harmonlc components contained in the
input signals applied thereto and modlﬁes the harmonic
structure showmg a number of different harmonic over-
tones contained in the input signals. In other words, the
voltage-controlled filter circuit 409 serves to vary its
cutoff frequency and thus vary the tone quality of the
input signals. The output signal of the voltage-con-
trolled filter circuit 409 is supplied to the voltage-con-
trolled variable gain amplifier 410 for controlling the
level of the output signal of the voltage-controlled filter
circuit 409 as a function of the control voltage wave-
form signal generated by the waveform generator 407.
The output signal of the voltage-controlled variable
gain amplifier 410 is derived as tone signals from an
audio signal output terminal 411. Upon receipt of the
control voltage the voltage:controlled oscillator 408
generates source signals according to the amplitude of’
the control voltage applied thereto. Tone signals are not
produced by the music synthesizer 400 in the absence of
the gate signals, in other words, tone signals are not
produced in the presence of source signals correspond-
ing to the remainders of the waveforms as specified by
the open gate switches 305, because the voltage-con-
trolled variable gain amplifier 410 does not receive any
control voltage waveform 51gnal from the waveform
generator 407. - A
FIG. 7 1s a waveform diagram of the 51gnals coming
from various points in the synchronizing signal genera-
tor 100 of FIG. 2 in operation. FIG. 8A and FIG. 8B are
flow charts for explaining the operation of the illus--
trated embodiment -of the present invention. '
The operation of the illustrated embodiment of the
present invention will be better understood with refer-
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ence to FIGS. 1 through 8. After a player actuates the
reset switch 13 and the sequence switch 15 in step 1 (this
1s referred to merely as SP 1 in FIG. 8), the memory
switch 11 1s turned ON in step 2. As a consequence,
current flows through the light emitting diode 12 and
the resistor 129 thereby energizing or firing the light
emitting diode 12. Under these circumstances, when-
ever the manual switch 14 or the foot switch 22 is actu-
ated, the waveforming circuit 104 provides the click
signals for the waveforming circuit 106 which shapes
the click signal to have a given pulse width and leads
the resultant click signal as depicted in FIG. 7(A) from
the click signal output terminal 107 to the first channel
record signal input terminal CHI of the tape recorder
200, FIG. 3.

When a player actuates the record key 204, the tape
recorder 200 assumes the recording and the magnetic
tape starts moving. When this occurs and the player
Keeps actuating repeatedly the manual switch 14 or the
foot switch 22 according to the rhythm of a music tune,
the click signals characteristic of the rhythm of that
tune are recorded in the first channel of the magnetic
tape. The player continues to actuate the manual switch
14 or the foot switch 22 until playing the rhythm of that
“tune 1s completed whereupon the player actuates the
- rewind key 203 of the tape recorder 200 to thereby
rewind the magnetic tape. Thereafter, the player actu-
ates the play key 201 to place the tape recorder 200 into

the play state wherein the click signals recorded on the
magnetic tape are reproduced by the tape recorder 200.

At the same time the player pushes the sequence switch

15 in step 3 to proceed to step 4 wherein the CPU 105
provides the signal for the interface 130, indicating that

the data may be stored in the memory 114, whereby the
hight emitting diode 18 reading “STORE?” is enabled.

The click signals reproduced by the tape recorder
200, on the other hand, are supplied from the reproduc-
tion signal output terminal of the tape recorder 200 to
the audio signal input terminal 101 of the synchronizing
signal generator 100. These click signals are shaped by
the waveforming circuit 104 and applied to the CPU
105. The built-in clock counter 112 in the CPU 105
counts the clock signals from the clock oscillator 113 as
depicted in FIG. 7(B) in step S in response to receipt of
~ the click signals. The CPU 105 permits the count, for
example, 960 in FIG. 7(C) of the clock counter 112
operating during the period of time of receipt of a par-
ticular one of the click signals to the time of the next
succeeding click signal to be entered in the memory
114. This loading or entering is executed each time the
click signal is received.

After reproduction of all of the click signals recorded
on the magnetic tape the sequence switch 15 is actuated
in step 6. With the advance toward step 7, the CPU 105
fetches the numeral data temporarily stored in the mem-
ory 114 and divides the data by a predetermined nu-
meral value (for example 96). The result of the division
(quotient), for example 10 (cf. FIG. 7(D)) 1s returned
into the memory 114. Upon the completion of a se-
quence of the above described procedure the CPU 105
delivers the instruction to the interface 130 in step 8 so
that the light emitting diode 18 reading “STORE” is
disabled and the light emitting diode 21 reading “RE-
WIND?” is enabled to show to the player the necessity
of rewinding of the tape.

When it is desired to execute the operations of the
CPU 105 in steps 3 to S upon actuation of the sequence
switch 15 concurrently with recording of the click
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signals on the tape, the reset switch 13 is depressed.
After the memory switch 11 has been turned ON, the
tape recorder 200 1s activated for recording and the
sequence switch 15 is depressed twice in succession.
The result i1s that the light emitting diode 18 reading
“STORE” 1s energized. Upon subsequent actuation of
the manual switch 14, etc. the click signals are recorded

on the magnetic tape and simultaneously the count is
loaded into the memory 114,

As soon as the player realizes that the light emitting
diode 21 is in its enabled state, he actuates the rewind
key 203 to rewind the magnetic tape. If the sequence
switch 13 1s pushed in step 9, then the CPU 105 delivers
the instruction to the interface 130 in step 10, disabling
the diode 21 and enabling the light emitting diode 19
reading “RUN” for prompting the player to start oper-
ating the tape recorder 200. Therefore, the player
checks whether the light emitting diode 19 is enabled
and depresses the play key 201 to initiate the operation
of the tape recorder 200. Consequently, the click signals
are reproduced agatn from the tape recorder 200 and
ted by way of the waveforming circuit 104 into the
CPU 105. As soon as the CPU 105 decides in step 11
that the click signal has been applied, it permits the
clock counter 112 to count the clock signals. The CPU
105 in step 12 compares the count of the clock counter

112 with the data (the quotient of the division as stated

previously) contained within the memory 114 and, if
both agree, supplies the output pulse signal thereof to
the dividing counter 1185. |

In other words, the CPU 105 provides the output
pulse signal thereof as depicted in FIG. 7(E) to the
dividing counter 115 through the NOR gates 138 and
139 whenever ten clock signals as suggested (a value 10)
in FIG. 7(D) are received. The dividing counter 115
therefore counts a total of 96 pulse signals during the
length of time from receipt of that particular click signal
to receipt of the next succeeding click signal. The divid-
ing counter 115 also divides these pulse signals at a
given division ratio. The pusle signals for the division
are properly selected by the time base selector 116. For
example, when the x48 divider output signal of the
dividing counter 115 is selected, the 96 pulse signals are
divided in half or by two and 48 pulse signals are there-
fore obtainable during the length of time from receipt of
the particular click signal to the occurrence of the next
click signal. In the case that the x24 divider output
signal 1s selected, the 96 pulse signals are divided by 4
and 24 pulse signals are available during the length of
time from receipt of the particular click signal through
that of the next click signal. In other words, the dividing
counter 115 delivers a desired number of the pulse sig-
nals between the two adjacent click signals, depending
upon the multiple (x2 to x48).

A particular one of the divider output signals as se-
lected by the time base selector 116 is supplied as the
output pulse signal to the output terminal 120 through
the buffer amplifier 119. The output pulse signal is
therefore fed to the synchronizing signal input terminal
301 of the sequencer 300. As described with reference
to FIGS. 4 and 3, the sequencer 300 produces the con-
trol voltage and the gate signals in synchronism with
the output pulse signals delivered from the synchroniz-
ing signal generator 100 and supplies both the control
voltage and the gate signals to the synthesizer 400. The
music synthesizer 400 therefore produces the tone sig-
nals in synchronism with the tempo as determined by
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the output pulse signals from the synchronizing signal
generator 100.

The tone signals are recorded on the second channel
of the magnetic tape, for example, by the tape recorder
- 200. Assume now that all of the click signals recorded
on the magnetic tape have been supplied to the CPU
105 through the waveforming circuit 104 and the pulse
signals have been supplied into the dividing counter 115
in step 14 based on all of the data contained in the mem-
ory 114 or the sequence switch 15 has been actuated in
step 13. When this occurs, the CPU 103 in step 135 deliv-
ers the instruction to the interface 130, disabling the
light emitting diode 19 reading “RUN” and enabling
the light emitting diode 20 reading “STOP” to prompt
the player to stop the operation of the tape recorder
200. |

In the case where there is not any need for changing
the data previously stored, the memory switch 11 is
turned OFF to prevent the data from disappearing and
then the sequence switch 15 is actuated. As a result, the
light emitting diode 20 goes out and the light emitting
diode 21 lights up to demand the rewinding of the tape.
Thereafter, if the player causes the rewinding of the
magnetic tape and actuates the sequence switch 15, then
the CPU 105 issues the instruction as in step 10 to
thereby fire the light emitting diode 19. Should the
magnetic tape start running in the tape recorder 200, the
CPU 105 repeats the procedures in steps 11 and 12.
When it 1s necessary to record the click signals again,
the player should place the tape recorder 200 into the
rewind state and then start recording while maintaining
the memory switch 11 1n the ON position. Upon the
player’s actuation of the sequence switch 13 it becomes
possible to record the click signals through the aid of
the manual switch 14, etc. The subsequent procedures
are similar to those stated above. |

The click signals recorded on the tape sometimes fail
to meet timed relationship with the output signals from
the CPU 105 due to slight variations in the travel speed
of the tape or due to any other reason. In this case, it 1s
possible to accelerate or decelerate the tempo of any
given beat of the output signals (the pulse signals as
shown in FIG. 7(E)) into the timed relationship by
actuating the advance switch 16 or the retard switch 17.
In other words, when it is desired to accelerate the
tempo, the advance switch 16 should be depressed.
With the advance switch 16 in closed position, the CPU
105 supplies the addition pulse signal as depicted in
FI1G. 7(F), to the dividing counter 115 through the
AND gate 124 and the NOR gates 138 and 139. The
addition pulse is delivered only once between the adja-
cent click signals when the output signal as indicated in
FIG. 7(E) 1s at a “L” level. As a result, the dividing
counter 113 is supplied with the output signals from the
CPU 105 plus the addition pulse. This results in speed-
ing up the division by the dividing counter 115 whereby
the development of the divider output signals is acceler-
ated. This leads to speed up of the tempo by one beat
when the advance switch 16 i1s actuated once. It 1s clear
that more than one addition pulses may be developed
between the two adjacent click signals. In such a case
the tempo of the beats may be further accelerated upon
actuation of the advance switch 16.

On the other hand, when deceleration of the tempo is
desired, the retard switch 17 should be depressed. With

the retard switch 17 in closed contact position, the CPU

105 supplies the gate signal as indicated in FIG. 7(G) to
the NOR gate 139 through the AND gate 122. The gate
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signal 1s a pulse signal that assumes a “H” level only
when the output signal from the CPU 108 is initially at
a “H” level between the two adjacent click signals.
Accordingly, the gate signal eliminates the first pulse of
the output signal so that the dividing counter 115 is
supphied with the pulse signals short of one pulse. It is
therefore possible to decelerate the division speed of the
dividing counter 115 and slow down the tempo by one
beat when the retard switch 17 is actuated.

More than one gate signal may be developed between
the two adjacent click signals. This leads to further
deceleration of the tempo when the retard switch 17 is
actuated. |
- Since the retard switch 17 and the advance switch 16
make 1t possible to vary the tempo of the beats in this
manner, the output pulse signals are available whose
tempo 1s modified at any desired point.

FIG. 9 i1s a schematic block diagram of an automatic
rhythm generator 500 as an example of electronic musi-
cal instruments. Implementations of the automatic
rhythm generator 500 will be discussed with reference
to FIG. 9. The output pulse signals from the synchro-
nizing signal generator 100 are supplied to a signal input
terminal S01. This signal input terminal 501 is connected
to a contact terminal of a switch 503 of which the other
terminal 1s connected to an output terminal of a clock

generator 502. This- embodiment 1s adapted such that

the automatic rhythm generator 500 may produce
rhythm sounds in response to the output pulse signals
from the synchronizing signal generator 100 or in rep-
sonse to the output pulse signals from the clock genera-
tor 502 by operating the switch 503. The output pulse
signals from the synchronizing signal generator 100 as
selected by the switch 503 are fed into an address
counter 504. The address counter 504 counts the output
pulse signals applied thereto and supplies an address
signal to a ROM §05. The ROM 505 is constructed to
store data corresponding to different kinds of rhythm
sounds such swing and waltz. A rhythm selector 506 is
connected to the ROM 505 to select any one of the
different rhythms stored in the ROM 505. When a de-
sired one of the rhythms is selected through the rhythm
selector 506 and the ROM 3505 1s addressed by the ad-
dress counter 504, the ROM 505 delivers the data corre-
sponding to the selected rhythm to a sound source cir-
cuit 507. The sound source circutt 507 reproduces the
rhythm sounds based upon the data delivered from the
ROM 505. |

Operation of the automatic rhythm generator 500
which receives the output pulse signals from the syn-
chronizing signal generator 100 embodying the present
invention will now be made clear with reference to
FIGS. 2 and 9. The click signals are reproduced by the
tape recorder 200 and supplied to the synchronizing
signal generator 100 in the same manner as stated above.
The output pulse signals from the synchronizing signal
generator 100 are counted by the address counter S04.
The counting output signal of the address counter 304
specifies the address of the ROM 505. When the desired
rhythm is selected through the rhythm selector 506, the
ROM 505 unloads the data corresponding to the se-
lected rhythm into the sound source circuit 507. The
sound source circuit 507 provides rhythm sound signals
at its output terminal 508 in response to the data applied
thereto. By applying the output pulse signals from the
synchronizing signal generator 100 to the automatic
rhythm generator 500 as the tempo clock signals in this
manner, the rhythm sounds are available from the out-
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‘put terminal 508 of the automatic rhythm generator 500,
which sounds are held in synchronism with the output

pulse signals and accompany delicate variations in

tempo. .
" Although the present invention has been . described
and tllustrated in detatl, it is clearly understood that the
~ same 1S by way of illustration and example only and is
~not to be taken by way:of limitation, the spirit and scope
of the present invention being limited only by the terms
of the appended claims.
What 1s claimed is: |

- 1. A synchronizing signal generator comprising: an
input terminal for applying pulse signals to said genera-
tor; clock signal generating means for generating clock
signals; -counting means (112) connected to said clock
signal generating means for counting the clock signals
from said clock signal generating means in synchronism
with the pulse signals applied to said input terminal to
provide a count of clock signals; signal dividing means

(105) operatively connected to said counting means for:

dividing by a predetermined numeral value the number
of the count of clock signals counted by said counting
means during a length of time beginning when a particu-
lar one of said pulse signals is applied and ending when
the next succeeding pulse signal 1s applied to provide a
first quotient value; storing means (114) connected. for
storing at least either of said count of clock signals and
the first quotient value representing the result of said

~ division; and output signal means (115, 116, 119) opera-
tively connected to said signal dividing means (105) for
providing an output signal (at 120) when a certain coin-

cidence condition 1s met, said certain coincidence con-
dition occurring when the number of counted clock
signals corresponds to said first quotient value fetched
from said storing means through said signal dividing
means or when the number of counted clock signals
corresponds to the result of a further division providing
a second quotient value fetched from said storing
_means. | |

2. The synchronizing signai generator as set forth in
- claim 1, wherein said output signal providing means
include frequency dividing means for frequency divid-
ing satd output signal.

3. The synchronizing signal generator as set forth in
claim 2, wherein said frequency dividing means include
output terminals for providing a plurality of divided
output signals resulting from different division ratios;
and selecting means connected to said output terminals
for selecting any one of said frequency divided output
signals provided by the plurality of the output terminals
of said frequency dividing means.

4. The synchrontzing signal generator as set forth in
claim 2 or 3, further comprising gate means for inhibit-
ing a desired number of the output signals from being
provided out of the output signals applied to said fre-
quency dividing means.

5. The synchronizing signal generator as set forth in
claim 2 or 3, further comprising pulse signal adding
means for adding a desired number of the pulse signals
to the output signals applied to said frequency dividing
means. | |

6. The synchronizing signal generator as set forth in
claim 1, further comprising pulse signal generating
means for generating said pulse signals and applying
said pulse signals to said input terminal.

7. The synchronizing signal generator as set forth in
claim 6, wherein said pulse signal generating means
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include instructing means for instructing the generation
of said pulse signals.

8. The synchronizing signal generator as set forth in

~claim 6, wherein said pulse signal generating means

include means for receiving click signals and generating
said pulse signals.

9. The synchronizing signal generator as set forth in
claim 6, further comprising: magnetic recording means
having a record mode and a reproduction mode for
recording the pulse signals provided by said pulse signal
generating means during said record mode and for re-
producing the recorded pulse signals and applying the
puise signals as the click signals to said pulse signal
generating means during said reproduction mode.

10. An electronic musical instrument comprising: a
synchronizing signal generator including an input ter-
minal for applying pulse signals to said signal generator;
clock signal generating means for generating clock
signals; counting means for counting the clock signals
from said clock signal generating means in synchronism
with the pulse signals applied to said input terminal to
provide a count of clock signals; signal dividing means
operatively connected to said counting means for divid-
ing by a predetermined numeral value the number of the
count of clock signals counted by satd counting means
during a length of time beginning when a particular one
of said pulse signals is applied and ending when the next
succeeding pulse signal i1s applied to provide a first

quotient value; storing means connected for storing at

least either of said count of clock signals and the first
quotient value representing the result of said division;

output signal means operatively connected to said sig-
nal dividing means for providing an output signal (at
120) when a certain coincidence condition is met, said
certain coincidence condition occurring when the num-
ber of counted clock signals corresponds to said first
quotient value fetched from said storing means through
said signal dividing means or when the number of
counted clock signals corresponds to the result of a
further division providing a second quotient value
fetched from said storing means; tempo clock signal
generating means operatively connected to said output
signal providing means for generating a desired number
of tempo clock signals 1n response to the output signal
from said output signal providing means, during said
length of time; and sound generating means operatively
connected to said tempo clock signal generating means
for producing musical sounds in synchronism with the
tempo clock signals from said tempo clock signal gener-
ating means.

11. The electronic musical instrument as set forth in
claim 10, wherein said sound generating means include
a sequencer and a music synthesizer, and wherein said
sequencer includes: gate signal generating means for
generating gate signals in synchronism with said tempo
clock signals; control voltage generating means for
generating a control voltage of a given amplitude be-
tween the gate signals from said gate signal generating
means, and wherein said music synthesizer further in-
cludes means for delivering tone signals in response to
the output of said gate signal generating means in said
sequencer and in response to the output of sard control
voltage generating means.

12. The electronic musical instrument as set forth in
claim 10, wherein said sound generating means com-
prise an automatic rhythm generator and wherein said
automatic rhythm generator includes: rhythm pattern
forming means for forming rhythm patterns; selecting
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means for selecting the rhythm patterns as formed by
said rhythm pattern forming means; rhythm pattern
signal providing means for providing rhythm pattern
signals corresponding to the rhythm pattern selected by
said selecting means, in response to said tempo clock
signals; and rhythm sound producing means for produc-
ing rhythm sounds in response to the rhythm pattern

signals provided by said rhythm pattern signal deliver-

ing means.

13. The electronic musical instrument as set forth in
claim 10, wherein said tempo clock signal generating
means include frequency dividing means for dividing
the frequency of said output signals and for providing
sald destred number of the tempo clock signals. |

14. The electonic musical instrument as set forth in
claim 10, wherein said frequency dividing means in-

clude: output terminals which provide a plurality of

divided output signals of different division ratios; and
selecting means for selecting any one of said divided
output 51gnals provided by the plurahty of the output
terminals of said frequency dividing means and for ob-

taining said desired number of the tempo clock signals.

15. The electronic musical instrument as set forth in
claim 13, wherein.said tempo clock signal generating
means include advance means for advancing the genera-
tion of said tempo clock signals.

16. The electronic musical instrument as set forth in
claim 15, wherein said advance means include pulse
signal adding means for adding a given number of the
pulse signals to the output signals applied to said fre-
quency dividing means. '
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17. The electronic musical instrument as set forth in
claim 13, wherein said tempo cléck signal generating
means include retard means for retarding the generation
of said tempo clock signals.
- 18. The electronic musical instrument as set forth in
claim 17, wherein said retard means include gate means
for inhibiting a given number of the .output signals from
being provided out of the output s:gnals as: apphed to.
said frequency dividing means. - |

19. The electronic musical 1nstrument as set forth in
claim 10, further comprising pulse signal generating
means for generating said pulse signals and applying
said pulse signals to said input terminal. - -

20. The electronic musical instrument as set forth in
claim 19, wherein said pulse signal generating means
include instructing means for instructing the generation
of said pulse signals. |

21. The electronic musical instrument as set forth in

claim 20, wherein said pulse signal generating means

include recordmg means for recordlng said pulse 31g- |
nals, | SR |
~and wherein said recordmg means record the pulse =
signals delivered from said pulse 51gnal generating
means whenever: the instruction is glven by said
instructing means. 3
- 22. The electronic musical lnstrument as set forth in -
claim 21, wherein said recording means include mag-
netic recording means having a record mode and a

- reproduction mode for recording the pulse signals pro-

vided by said pulse signal generating means in said re-
cord mode and for. reproducing said pulse signals re-

corded in said reproduction mode
¥ % .* x %
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